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Abstract
Objectives-To examine whether road traffic in a big city has a direct effect on pulmonary function and respiratory symptoms in children.
Design-Cross sectional study.
Setting-Of all 7445 fourth grade children (aged 9-11 years) in Munich, 6537 were examined. Of the children with German nationality and the same residence during the past five years and known exposure data, 4678 questionnaires and 4320 pulmonary function tests could be analysed. Main outcome measures-Variables ofpulmonary function by forced expiration and respiratory symptoms reported in a questionnaire; census data on car traffic collected in the school district.
Results-Density of car traffic ranged from 7000 to 125 000 cars per 24 hours. Multiple regression analysis of peak expiratory flow showed a significant decrease of 0x71% (95% confidence interval 1x08% to 0.33°/o) per increase of 25 000 cars daily passing through the school district on the main road. Maximum expiratory flow when 25% vital capacity had been expired was decreased by 0.68% (1.11% to 0.25%). In contrast, response to cold air challenge was not increased. The adjusted odds ratio for the cumulative prevalence of recurrent wheezing with the same exposure was 1-08 (1.01 to [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Cumulative prevalence ofrecurrent dyspnoea was increased, with an odds ratio of 1 10 (1.00 to 1.20) . Lifetime prevalence of asthma (odds ratio 1-04; 0-89 to 1.21) and recurrent bronchitis (1.05; 0-98 to 1.12) were not significantly increased.
Conclusions-High rates of road traffic diminish forced expiratory flow and increase respiratory symptoms in children.
Introduction
The effects ofboth indoor and outdoor pollutants on health are of great public interest. Several studies have confirmed an association between both outdoor air pollutants1' and indoor pollutants" and respiratory health. With increasing motorisation throughout the world the emission of potentially hazardous substances is increasing. One main source of outdoor air pollution is road traffic, which produces a mixture of volatile hydrocarbons, airbome particles, nitrogen oxides, and carbon monoxide. 101' As there are only a few reports of the effects on respiratory health of car exhaust fumes we examined census data on cars in relation to respiratory symptoms and pulmonary function in children. In Munich air pollution is caused primarily by car exhaust fumes and only to a small degree by industry.
Subjects and methods
STUDY SITE
Munich is 530 metres above sea level in the south of Germany and is the capital of Bavaria. It has a population of We also excluded children who had lived for less than five years at their present address (277) because the assessment of exposure would not be clear. Seventy five children had to be excluded because of other missing data. A total of 4678 children therefore remained in the study.
When we analysed pulmonary function in addition to the above criteria the children on whom we had data only from the questionnaire and children with acute respiratory infection at the date of the examination (358) were excluded, so that 4320 subjects remained. The analysis of pulmonary function relied on a multiple regression model. 7 
Results
Table I summarises the characteristics of the study group. The maximum traffic counts in the school districts ranged from 7000 to 125 000 cars per 24 hours with a median of 40000 cars per 24 hours (fig 3) . With increasing traffic the concentrations of carbon monoxide (Pearson's r=0-40; p<0-001), benzene (r= 0-28; p=0 003), hydrocarbons (r=0-21; p=0022), and toluene (r=0-18; p=0 048) increased but ozone decreased (r= -0 34; p<0-001). Nitrogen dioxide concentration (r=0-01; p=0878) did not correlate with traffic concentration. Table II shows the adjusted percentage changes in measurements of pulmonary function with an increase of 25000 cars in the school district. Children had reduced peak expiratory flow rates and maximal expiratory flow rates when 25% and 50% of forced vital capacity had been expired. The response to cold air challenge, indicated by absolute or relative change in any of the measured variables, did not increase.
To check if the effect of road traffic occurs mainly in conditions of high exposure, traffic measurements were categorised into thirds. In the lowest third the traffic rate was lower than 26000 cars per 24 hours. The rate in the middle third ranged from 26000 to 48 000, and in the upper third traffic rates were higher than 48 000 cars per 24 hours. The adjusted mean of the peak flow decreased by 0 86% (95% confidence interval 1-99% to -0-28%; p=0137) in the midexposure group and 2-18% (3 30% to 1 -04%; p < 0-001) in the high exposure group compared with the low exposure group. Table III shows the cumulative respiratory symptoms and odds ratios associated with an increase of 25 000 cars in the school district adjusted as described in the methods. A small increase in odds ratio was observed for respiratory infections at the date of examination, the lifetime prevalence of croup, recurrent wheezing, and recurrent dyspnoea. There were no significant changes in the prevalence of asthma, recurrent bronchitis, and hay fever.
To check for an effect of traffic on pulmonary symptoms in conditions of high exposure, measure- ments were categorised into thirds as above. The adjusted odds ratio for recurrent dyspnoea increased to 1-04 (0 76 to 1-44; p=0-381) in the middle category of exposure and to 1 40 (1-03 to 1 91; p=0 046) in the highest category of exposure.
Discussion
We have shown an association between traffic load and reduced pulmonary function and increased respiratory symptoms in 10 year old children. Although there are inherent limitations of a cross sectional study, the results share considerable agreement with those from previous studies, in which measurements of pulmonary function were used as indicators of the effects of both indoor and outdoor air pollutants.2122 Our decrease in peak flow rates is comparable with the effect of passive smoking in the same population studied by Dold et al, in which the peak flow of children with parents who smoked was decreased by 2-5% ( The main advantages of our study were a defined area with high density of inhabitants, close mesh of data on exposure, and homogeneous age distribution of observed children. Some general issues of validity, however, should be discussed. Selection bias is unlikely as the total population of 10 year old children was considered and the rate of response was high. Overreporting by parents from the areas with a high volume of traffic could be partially responsible for the observed differences in prevalence of symptoms, but there was no tendency for overreporting of non-respiratory symptoms-for example, atopic dermatitis. Confounding factors such as passive smoking, indoor heating, or social status have been considered; a spurious association can therefore be excluded as far as possible.
The validation of exposure is crucial because the exposure is assumed for all children in a school district. As is known from research on atmospheric transport and dispersion of air pollutants, the indirect exposure as chosen in this study represents a near field approach.35 A more personal assessment of exposure by personal samplers would have had advantages but was not feasible in nearly 7000 children. A misclassification of exposure is likely and will dilute any effect because of the ubiquitous occurrence and distribution of car exhausts. Therefore, we suspect that there is a considerable underestimation of the effects of traffic exhausts.
For several markers of air pollution a correlation with car traffic count was found. The purpose of this evaluation was to show that the assigned traffic rates correlated with air pollution. We did not intend to show the effect of a single marker of air pollution, as in other studies as car traffic count reflects more thePublic health implications * Car traffic has increased over the past 20 years * In Munich in 1989-90 children who lived in school districts with more traffic showed reduced expiratory pulmonary function * Respiratory symptoms such as recurrent wheezing and recurrent dyspnoea were also reported more often * These results support the argument that road traffic has adverse respiratory health effects synergistic action of all emitted substances. There could be multiple effects of different pollutants; or effects of other pollutants, such as PM10 particles, may have been missed if we had looked at only one pollutant. Unexpectedly, nitrogen dioxide did not increase with traffic count. This may be due to the volatile character of the compound and the distance from the point of measurement to the next road with heavy traffic. The correlations between the other markers were to be expected. Ozone decreased because of immediate chemical reduction with nitrogen monoxide. 36 Continuous measurements of air pollution, which were not performed directly at the roadside, did not exceed national standards for air pollution. Our results, however, imply that even below these standards effects due to air pollution exist.737 Otherwise, the conclusion would be either that the effective peaks are smoothed out by 24 hour averages or that the position of the measuring device is critical.
The observed effects probably reflect a direct relation between car traffic exhaust fumes and adverse effects on respiratory health. Because increased respiratory symptoms are reported as well, the observed reduction in pulmonary function is unlikely to reflect changes only within the physiological range. 38 The mechanism by which air pollution acts on pulmonary physiology is still a matter of speculation.39 0 As there was no significant increase in the prevalence of asthma and the response to cold air challenge, one could speculate that traffic exhausts promote primarily non-specific bronchial inflammatory symptoms but not bronchial hyperreactivity.
We cannot say whether the observed changes were permanent or reversible. To what extent such exposure leads to chronic disease should be studied. Nevertheless, protecting children from the risks of pollutants from car exhaust fumes is a major challenge.
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Introduction
Infantile colic (three month colic) is described as a behavioural syndrome characterised by excessive crying, which is paroxysmal in nature, more likely to occur in the evenings, and without identifiable cause, during which an otherwise healthy infant between 2 weeks and 4 months of age is difficult to console.' According to Wessel et al, a colicky infant is defined as a one who has paroxysms of irritability, fussing, or crying lasting for three hours a day for three days a week over three weeks. 2 Most investigators have been concemed with gastrointestinal factors in the aetiology of colic: the immaturity of the gastrointestinal tract,' type of feeding,4 intolerance to cows' milk,7 and lactose intolerance.8 9 The evidence, however, remains weak and contradictory,' and there is an increasing tendency for research to implicate non-gastrointestinal factors. Neff postulated that because of an abnormal sensitivity of the central nervous system, minimal stimuli, which are usually without effect, may lead to the development of fussiness in certain infants.'0 This theory is similar to that implicating the infants' own temperament. Carey correlated difficult temperament at 4 to 8 months ofage with colic, but the relation between colic and temperament seems to be unclear as yet." The transfer of tension from mother to infant has been suggested to be a causative factor.'2 Carey further confirmed this in a prospective study of 103 
